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1. Background Information
The aim of our project was to determine a subset from the set of rational tangles that will form a
group.
Definition 1A tangle (B, t) is a 3-dimensional ball containing two disjoint arcs together
with a finite number of simple closed curves all represented by t such that the intersection
of t with the boundary of B is precisely the set of endpoints of the two arcs.
Rational tangle: A tangle (B, t) is rational if t can be deformed inside B to the trivial tangle.
The trivial tangle serves as our identity within our sets.
Conway’s Notion: A rational tangle is recorded by a vector notation dependent of crossings.
Each component of the vector represents the number of twists. Conway’s Notion is particularly
suited for calculations involving tangles.
Example 1The vector notation for the tangle above would be:
(3, 2,−4)
Rational Number: Each rational tangle has a rational number associated to it. The rational
number is the computed continued fraction of the integers in a tangle’s vector. It is a complete
invariant, which uniquely determines a rational tangle.
Example 2The rational number of a vector has the following form:
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If we take the tangle presented in Fig.1, the computed rational number of its vector is:
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Tangle Addition: An operation of tangles that connects two separate tangles into a single
tangle.
Definition 2A Group is a set of objects G and an operation ∗ such that:
1. The operation is associative.
a ∗ (b ∗ c) = (a ∗ b) ∗ c
2. The operation is closed. Such as the addition of two integers always gives an integer back.
a, b ∈ G, then a ∗ b ∈ G
3. The operation has an identity. A component of the group that always gives back what you
started with after undergoing the operation.
4. There exists an inverse for every element if G: a component that returns the identity after it
undergoes the operation with another component of the group.
2. Classification of Tangles
Tangles
Non-ClosedClosed
Braids Non-Braids
Pure String Links Non-Pure String Links
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The schematic to the left
represents the relationships
among the current classes of
tangles under the operation
of addition. Throughout our
research, we consistently
referenced and analyzed each
class’s respected definition of
addition, notation, and
component orientation upon
the boundary of the tangle.
Each picture represents the
respected tangle named above.
Definitions of these classes are
listed below.
Closed: When two tangles are added together to form another tangle. When the resultant tangle
is in our set, it is said to be closed.
Braids: A Braid is a series of strands that are always descending. As shown above, a single-
valued vector tangle under Conway notation represents this quite well.
String Link: String Links are similar to braids, but do not have to be constantly descending.
A string link is said to be pure if all of the stands in the tangle are in the same orientation about
the boundary as which they started.
Braid Group: The operation of the braid group is stacking: essentially the addition of tangles
in a continuous downward accumulation. Stacking is an associative, closed operation. The identity
is the trivial braid. The inverse of braids is the reciprocal of their vector.
Concordance Group and String Link Concordance: The operation of the concordance
classes is the connected sum. The identity of this group is the class of slice knots. The inverse of
this group is the reversed mirror image.
!"#$%&'"()*
!"#$%&'($%)
11 3 12 1 3 1 3 12 1 3
1
$ $ $ $ $ $ $ $ $ $( ) =# # #
3. Results
While we were not able to determine a specific group out of tangles, we did find the following
results:
By creating a computer program to analyze these objects on a larger scale, we have noticed
patterns emerge between the type of tangle, its respected rational number, and the sequence of
odd or even twist within the tangles vector. It was discovered that not all rational tangles
form a closed set under addition.
Computer Program Results: A C++ computer program, written by Blake Smith, allowed
a user to enter in a set of tangles and their respected vectors in Conway notation. The program
evaluated the rational number and orientation of the strands across the the boundary of the tangle.
From the information computed, we’ve conjectured the following pattern relating a tangle’s rational
number to the strand orientation:
= EvenOdd
= OddOdd =
Odd
Even
Tangle Reduction Method(Special Case):
It was determined that one could tell if a rational tangle was in the closed set of 2-tangles based
upon the order of odd and even twists in a tangle. By defining a similar tangle whose orientation
of endpoints in B1 are the same to another tangle, we can find out if an unknown tangle is closed
based upon if a similar tangle is closed.
1. All twists can be thought of as positive since the tangle remains similar to that of the original
tangle.
2. The amount of twists also does not matter : an odd or even twist will alter the location of
strands the same amount .
3. Even-numbered twists don’t change the orientation of the endpoints of the tangle. Thus, they
can be thought as adding zero.
4. After you convert the vector of the tangle, you can collapse it down to a similar tangle in the
form a1,a2 by a summation of all even and odd components.
a1, a2 =
n∑
i=1
2i,
n∑
i=1
2i− 1
Example 3Tangle vector:
(1, 3, 2, 1, 2, 4, 1, 2, 1, 4, 9, 1, 6)
We simplify the vector:
(1, 1, 0, 1, 0, 0, 1, 0, 1, 0, 1, 1, 0)
( ) ( )=a a,  4, 3   Which resembles the tangle:1 2
Since the reduced tangle is similar to the initial tangle, we can conclude that the initial tangle
is in our closed set under addition.
Conclusion: We have discovered these subsets of tangles to be closed under tangle addition.
Also, we have determined specific subsets of this collection to be known groups. We have also
found that the Conway notation fails to represent all known sets of tangles. This project is still
ongoing and we hope to categorize the tangles not in a known group.
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